Objectives: To assess the intake inadequacy and food sources of zinc of people in China. Design and subjects: Diets of 68 962 subjects aged 2-101 years (urban 21 103, rural 47 859) in the 2002 China National Nutrition and Health Survey were analysed. Dietary intake was assessed using 24-hour recall for three consecutive days. Zinc intake inadequacy was calculated based on values suggested by the World Health Organization. Results: The median zinc intake ranged from 4.9 mg day 21 (urban girls, 2-3 years) to 11.9 mg day 21 (rural males, 19þ years). The zinc density of urban residents (2 -3 to 19þ years) was 5.0-5.3 mg day 21 (1000 kcal)
Zinc is an essential mineral that performs biochemical functions important for maintaining human health 1 -6 . Zinc deficiency may be widespread in developing countries but the true magnitude of mild and moderate zinc deficiency is unknown, in part because of the lack of a reliable and specific index of zinc status 7, 8 . Use of the Recommended Dietary Allowance 9 and Estimated Average Requirement 10, 11 is suggested for estimating the prevalence of nutrient inadequacy in population groups.
Zinc deficiency may arise from low dietary intake, low bioavailability and/or interaction with other nutrients, and losses through disease processes 12 -14 . Inhibitors of zinc absorption are believed to be the more likely causative factor 15 . Phytate, present in whole grains, cereals and legumes, is a strong inhibitor of zinc absorption. Phytate is high in plant-based diets, which is a major inhibitory factor for zinc absorption. The phytate/zinc molar ratio is used to predict the inhibitory effect of phytate on the bioavailability of zinc 8, 16, 17 . The World Health Organization (WHO) suggests that the assessment of dietary zinc status should take inhibitory factors into account, and phytate data must be available 8 . However, the inhibitory effect of phytate on the bioavailability of zinc has not been examined in China owing to a lack of information on the phytate content of foods in the China Food Composition Table   18 . In 2005, the phytate content of 60 food samples commonly consumed in China was analysed 19 using an anion-exchange method, which made it possible to assess the dietary zinc intake of people in China taking the inhibitory effect of phytate into account. Thus the aims of the present study were to: (1) assess the prevalence of zinc intake inadequacy in relation to the effect of phytate in Chinese diets; (2) examine if zinc intake inadequacy differs by age, sex and region in China; and (3) describe the food sources of zinc in Chinese diets.
Subjects and methods

Sampling
The 2002 China National Nutrition and Health Survey (CNNHS) is a nationally representative cross-sectional survey that covered 31 provinces, autonomous regions and the municipalities directly affiliated with the Central Government (Hong Kong, Macao and Taiwan were not included). A multi-stage cluster sampling method was used for subject selection. In stage 1, all 2860 counties/districts/cities of China were divided into six categories (big cities, medium and small cities, rural 1, 2, 3 and 4) based on type and level of economic development (from high to low). Twenty-two counties/districts/cities were randomly selected from each category, thus a total of 132 counties/districts/cities were randomly selected at this stage. In stage 2, three townships/sub-districts were randomly selected from each of the selected counties/districts/cities, resulting in 396 townships/sub-districts being randomly selected at this stage. In stage 3, two villages/neighbourhood committees were randomly selected from the selected townships/sub-districts, giving a total of 792 villages/neighbourhood committees. In stage 4, 90 households were randomly selected from each selected village/neighbourhood, which resulted in a final total of 71 971 households that were randomly selected to represent the national data.
Dietary intake assessment
The dietary survey was conducted among all members of 30 households that were randomly selected from the preselected 90 households. All family members above 2 years old from the selected households were invited for the dietary intake assessment. A total of 23 470 from 71 971 households participated in the dietary intake assessment 20 . The protocol of the survey was approved by the Ethical Committee of the National Institute for Nutrition and Food Safety, Chinese Center for Disease Control and Prevention. A signed consent form was obtained from each subject or his/her parent or guardian.
Information on food intake was collected using the 24-hour dietary recall method for three consecutive days (two weekdays and one weekend day) by trained interviewers. The parent or guardian was interviewed for children aged 2 -16 years.
Zinc intake was calculated using the data of dietary recall in conjunction with the China Food Composition Table   18 . The composition of infant formula is available in the tables and was included in the calculation. Zinc content of foods in the China Food Composition Table was determined by atomic absorption spectrophotometry 18 . Duplicate food samples were analysed. Standard reference materials were obtained from the China National Center of Standard Material for quality control. The relative standard deviation was within 10%.
Sixty food samples, including rice, wheat flour, corn and soybean products commonly consumed in China, were selected based on the frequency of foods consumed in the 2002 CNNHS 19 . The phytate content of these food samples was determined using an anionexchange method 21 . Phytate intake was calculated using the phytate content in conjunction with the dietary recall data. The average daily dietary intakes of zinc and phytate were calculated using the mean value of the three days' intakes.
The contributions of individual foods to zinc were calculated by summing the amount of zinc consumed from each food by all subjects in each age group and dividing by the total intake from all foods for all subjects in the respective age group.
Phytate/zinc molar ratio was calculated as the phytate intake per day in mmol divided by the zinc intake per day in mmol. The proportions of subjects with different phytate/zinc molar ratios (, 5, 5 -15, . 15) were calculated. The percentage of people with zinc intake below the WHO normative requirement 8 at different phytate/zinc molar ratios was calculated. The average individual normative requirements for zinc from the diet are developed according to zinc availability, the three (high, moderate and low) bioavailability levels corresponding to 50%, 30% and 15% absorption 8 . The normative requirements of the first trimester for pregnant women, and of first three months for lactating women, were used to assess the inadequacy of zinc intake for these groups.
Statistical analysis
Values of dietary zinc intake are expressed as median and interquartile range. Zinc intake is expressed as mg day 21 and zinc density as mg day 21 (1000 kcal)
21
. Normal probability plots and Kolmogorov -Smirnov tests were used to determine whether variables followed a normal distribution. To analyse the associations of sex, age, region and their interactions with dietary zinc intake, a general linear model factorial analysis was applied with Tukey's post hoc comparisons. The results are presented by sex, age and region for the significant interactions found between sex and age, and between age and region. Differences in zinc intake of subjects by sex and region were compared using Wilcoxon's signed rank sum test. The proportion of subjects with different phytate/zinc molar ratios was calculated, while the proportion of zinc intakes less than the WHO suggested normative requirement 8 was calculated by region and phytate/zinc molar ratio. Differences in the abovementioned proportions between urban and rural areas were compared using the x 2 test. All statistical analyses were conducted with the SAS Statistical Package (8.2e for Windows; SAS Institute Inc.). Statistical significance was set at 0.05.
Results
Characteristics of the study population
A total of 68 962 subjects were included in the present analysis. Of these, 21 103 (males 10 027, females 11 076) were from urban areas, while 47 859 (males 23 524, females 24 335) were from rural areas. There were 310 pregnant women and 470 lactating women. The means of body mass index and dietary energy intake are presented by age group and region in Table 1 .
Dietary zinc intake of people in China
The median zinc intakes by age, sex and region are presented in Table 2 . There were significant effects of age (F (6, Table 3 . Proportions of subjects with different phytate/zinc molar ratios Variations in the proportion of subjects with the same phytate/zinc molar ratio were found between the different age and/or sex subgroups (Table 4) . Some 28.6 -46.8% of urban residents and 3.9-8.0% of rural residents had phytate/zinc molar ratio ,5, while 48.7-65.7% of residents had phytate/zinc molar ratio between 5 and 15, and 4.5-18.2% of urban residents and 27.8-36.4% of rural residents had phytate/zinc molar ratio . 15. The proportion of rural residents with phytate/zinc molar ratio .15 was significantly higher than that of their urban counterparts. A significant effect of age on the proportion of subjects with different phytate/zinc molar ratios was found in all subgroups. Significant sex difference was only found in rural children aged 9-13 years ( Table 4) . Table 5 presents the prevalence of zinc intake inadequacy by age, sex and region. The proportion of zinc intake inadequacy ranged between 2.8% (urban females, 19þ years) and 29.4% (rural lactating women). The distribution was much higher when phytate/zinc molar ratio . 15 was considered: 10.3% for rural females, 19þ years and 100% for urban lactating women. The proportion of zinc intake inadequacy among urban residents was 2.8-16.4%, significantly lower than that of their rural counterparts (3.6-29.4%). Prevalence of zinc intake inadequacy was significantly higher among male adults (19þ years) than their female counterparts. The zinc intake of 5.5% of pregnant women and 29.4% of lactating women was inadequate.
Prevalence of zinc intake inadequacy
Discussion
Information on zinc intake in developing countries is limited because of the paucity of data on the zinc content of local staple foods 22 . China developed food composition tables in the 1960s and keeps them updated using reliable and valid determination methods 18 . The composition of fortified foods is also available in the China Food Composition Table. The strength of the present study is the use of three days of 24-hour dietary recall data of a national representative sample population in conjunction with the China Food Composition Table. One limitation of this study is that the zinc from dietary supplements was not taken into account. As the use of dietary supplements in China 23 is low (urban 10.3%, rural 2.9%) compared with that (39.5%) in the USA 9 , we assumed that zinc intake was underestimated to a small extent. This limitation suggests that the use of dietary supplements and their contribution to total nutrient intake in the Chinese population, especially for urban persons, should be monitored in future surveys.
The present study found that the zinc intake of people in China is lower than that of the US population 9, 24, 25 , but comparable to that in the UK 26, 27 , Germany 28 and New Zealand 29 . People in China consume more zinc than their counterparts in Chile 30 , India 31 and Korea
32
. However, the adequacy of zinc intake depends not only on the amount, but also its bioavailability. The inhibitory factors that may interact with zinc should be examined when assessing the dietary intake of zinc 8, 33 . People consuming a diet that provides marginal zinc intake may not absorb an adequate amount of zinc if they are also consuming foods high in phytate. The average phytate intake of people in China (1186 mg day 21 ) 34 is higher than that in Western countries 35, 36 and less than that of Korean 37 and Indian people 38 . The proportion of people with inadequate zinc intake was considerably high in the phytate/zinc molar ratio . 15 category, indicating that zinc in the diets of these populations would be affected by their high phytate intake. The vulnerable groups of zinc deficiency in China are children, adolescents and lactating women, especially those in rural areas. As zinc plays an important role in children's growth 39 and during pregnancy 40, 41 , zinc deficiency will impact severely on human health 42 , with adverse effects that include growth retardation, abnormal immune function, impaired cognitive function, increased maternal morbidity, prolonged gestation and increased risk to the foetus. Information on the inadequacy of dietary zinc intakes should be interpreted together with data derived from other assessment methods. The national prevalence of stunting among children , 5 years old can be used as an indirect indicator of a population's risk of zinc deficiency 43, 44 . The national prevalence of stunting in China is 3.3-8.6% for urban children , 5 years and 17.3-20.9% for their rural counterparts 45 . It can be concluded that the level of risk for zinc deficiency is low for the urban population and moderate for the rural population in China. Further population assessment of zinc status by serum zinc concentrations in a representative sample of the population should be made in order to identify segments of the population at high risk. Appropriate intervention strategies including supplementation, food fortification, dietary diversification and biofortification should be developed to target different populations.
In conclusion, urban people in China are at low risk of zinc deficiency, whereas the rural population is at a moderate level of risk for zinc deficiency. Lactating women and rural children are vulnerable populations in China. Effective strategies correcting these problems should be developed and implemented in targeted risk groups.
